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Differentiation of the responsible lesion has become a clinical necessity since surgical measures are often indicated. Knowledge of the site, character, and hemodynamic conseluences of the obstructing lesion makes possible the competent selection of surgical candidates and permits advanced planning of an operative attack appropriate to individual circumstances. In the following survey of aortic stenosis and related obstructing lesions, particular attention is given to the critical diagnostic roles of selective left heart visualization and manometric studies.
Radiologic contrast visualization provides a means for inspecting the functioning left ventricle, aortic valves, and thoracic aorta. In certain respects it is superior to direct examination. Chief among these is the advantage of studying undisturbed structures under relatively normal functional circumstances.
During the past quarter century of experience with contrast cardiovascular visualization many technics have been proposed for left heart visualization. If the ineffective and unduly hazardous ones are disregarded, several different approaches remain.' Regardless of the method employed, success in con- This investigation, conducted in the Minthorn Memorial Laboratory, was aided by grants from the Oregon Heart Association, the U. S. Public Health Service, National Institutes of Health grant H-3275, and the Mallinckrodt Chemical Works.
Circulation, Volume XXIII, June 1961 trast visualization requires that an adequate concentration of contrast agent be so placed (in space and time) as to allow the desired radiographic study. Direct injection into the left ventricle is essential to the study of the left ventricular outflow tract. Conventional intravenous angiocardiography and selective catheter injections into the right heart or pulmonary arteries are not satisfactory for this purpose because of dilution and other factors. Occasional brilliant exceptions are unfortunately out of context. The amount and time of injection, route of administration, and the time, duration, and frequency of x-ray exposures are best determined on the basis of the patient's anatomy and physiology rather than by arbitrary standards.
Percutaneous retrograde catheterization of peripheral arteries permits the insertion of liare-bore polyethylene tubing into the left ventricle and thereby makes possible both contrast visualization and manometric studies. Based upon the pioneer contributions of Seldinger2 and Prioton In severe aortic stenosis, regardless of the etiology, the peripheral pulse characteristically exhibits a low amplitude and prolonged rise-time, but this is not always so. Generally, the systolic blood pressure is below 140 mm. Hg but, again, exceptions have occurred. Usually aortic stenosis is associated with a systolic thrill at the base of the heart. A palpable increase in the left ventricular impulse is another commonly encountered physical sign in aortic stenosis and related obstructive lesions of the left ventricular outflow tract. The sine qua non of the clinical diagnosis is a loud systolic ejection murmur. Its point of maximum intensity is most often in the aortic area, but it can be at the apex. half the length of the cusp; motion or superimposed contrast agent obscures the free edge.
The characteristic configuration of the normal aortic valve is well shown in figure 2 .
When valvular stenosis is present, selective contrast visualization regularly demonstrates gross and characteristic abnormalities of the valve leaflets (figs. 3 to 8). In the absence of degenerative changes, congenital aortic stenosis is most commonly seen as a curved radiolucent line with convexity directed upwards. This is the cross sectional shadow of' the dome formed by the incompletely segmented cusps and is usually best shown during systolic ejection. When contrast agent is injected above the stenotic valve, the latter outlines a rounded radiolucent defect at the base of the aorta. Diastolic exposures often reveal a surprisingly normal appearance although there is likely to be flattening of the sinus pockets. Figure 3 shows the striking systolic-diastolic variation that occurs in the still flexible, but congenitally unsegmented, stenotic aortic valve. That the doiie in coiigenital aortic stenosis may be rigid is illusCirculation, Volume XXIII, June 1961 trated in figure 4 . Diastolic exposures during supravalvular injections are most likely to reveal relatively minor aortic regurgitation but it should be noted that impingement of the catheter tip or the jet issuing from it can simulate regurgitation. In congenital aortic stenosis, supravalvular injection often reveals radiolucent blood spurting through the stenotic orifice and gives rise to what might best be described as a systolic jet sign. This filling defect is narrow at its base and frequently is eccentrically located. The extent to which its axis deviates from the central axis of the aorta probably correlates with the presence of superimposed sclerotic change. The distortion and rigidity that accompany sclerotic degeneration (evidenced by calcification, age, rheumatic origin) are less likely to be associated with the jet sign. Instead, the films disclose asymmetric thickening, rigidity, and irregularity of the valve cusps (figs. 4 to 6). Asymmetrical involvement is not rare and, as shown in figure 6 , may be associated with both an eccentric orifice and an abnormally large single sinus of Valsalva . Despite what appears to be prolapse of the relatively normal single cusp, we have not observed gross insufficiency in this situation. The large, flexible, relatively unaffected cusp may be used to achieve a competent valve in conjunetion with surgical relief of the stenosis.8 Figure 7 shows a rigid, stenotie, incompetent but symmetrical valve in rhenmnatic heart disease of long standing. It also shows rigidity and calcification of the mitral valve. In figrure 8, the lesion of rheumatic aortic stenosis and insufficiency was also relatively symmetrical. On the basis of these studies the superimposition of sclerotic degenerative change on a congenitally stenotic aortic valve seems more likely than rheumatic disease to cause an eccentric leaflet deformity.
Subaortic Stenosis
Though less common than the valvular variety, subaortic stenosis will be encountered in any thoroughly studied group of young patients with congenital "aortic stenosis" ( Though a rarity, recent reports and our own experience suggest that congenital supravalvular stenosis of the aorta occurs more frequently than has l)een supposed. In this condition, the aortic lumen is narrowed by an inwardly protruding ring or band-like obstruction situated just above the aortic valve or 1 or 2 cm. distally, closely related to the point of origin of the coronary arteries. The ring is composed of dense, hyalinized colla- Supravallrular aortic stenosis, congeniital: associated valvular involenement. Two views following supravalvular injection reveal the (ch aracteristic ring-like constriction of the aorta at the level of coronary arteryzi origin. There appeafrs to be a connection between this asd ait least one of the aortic cufsps. Th e puill-ouft p)} e.Rsisure r ecord (below) shows a ma rko;ed ventriculo-aortic systolic gradien)t but no re(,ogii.zable suptraralvular chamber (duc to the small size wid aodrtic leaflet inrolvement).
cusps to the aortic wall occur, as well as insufficient and bicuspid aortic valves.
That the anomaly is hemodynamically significant is evident from its appearance as well as the fact that young patients predominate in reported autopsy-proved instances. The effects of left ventricular obstruction are reflected in cardiac enlargement and congestive heart failure. Significanit trans-stenotic gradients exist. Angina has been a symptom, but syncope has not thus far. 
